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1. General  

Unless otherwise noted, all the starting materials and reagents were purchased from 

commercial suppliers and used without further purification. Solvents were purified by standard 

procedures. CH2Cl2, acetone and Toluene and xylene and o, m, p-xylene were freshly distilled 

prior to use. Reactions were monitored by thin layer chromatography (TLC) and analysis of 

TLCs was done either via UV light (254 nm) or pma (phosphomolybdic acid). Melting points 

were determined by using a standard melting point apparatus and were uncorrected. NMR 

spectra were recorded as CDCl3 solution on 400 MHz instrument. The 1H NMR chemical shifts 

are reported as δ value in parts per million (ppm) relative to tetramethylsilane (TMS, δ = 

0.00)/CHCl3 (δ = 7.26) as internal standard. The 13C NMR chemical shifts are reported as δ 

values in parts per million (ppm) downfield from TMS and referenced with respect to the 

CDCl3 signal (triplet, centerline δ =77.0 ppm). High-resolution mass spectra (HRMS) were 

measured with ESI. IR spectra were recorded as KBr disks. The yields are of materials isolated 

by column chromatographygel plates, and column chromatography purifications were carried 

out using silica gel GF254. Specific rotation was determined by Rudolph Research Analytical 

Autopol IV Polarimeter .Enantiomeric excess (ee) determination was carried out on an Agilent 

1260 interfaced to a HP 71 series computer workstation with Chiralpak AD/OD-H column. 

2. General procedure for the preparation of chiral Schiff base ligands 

The ligands 2a-2b were synthesized according to our previous report.1 

The cinchona alkaloids were transformed into corresponding 9-amino compounds, followed 

by condensation with different 3,5-Bis(1,1-dimethylethyl)-2-hydroxy-benzaldehyde to give 

the corresponding Schiff bases 2c-2f. Preparation of the ligands with 2c as example: 

(8R,9R)-9-amino-(9-deoxy)-epiquinidine was prepared according to the literatures.2 Dissolved 
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(8R,9R)-9-amino-(9-deoxy)-epiquinidine (646.8 mg, 2.0 mmol) and 3,5-di-tert-butyl-

salicylaldehyde (515.5 mg, 2.2 mmol) in absolute ethanol (30 mL), then the reaction was 

heated to reflux. After that, 3 g MgSO4 (dried at 110oC for 3 h before use) was added to the 

solution. After 5 h, the mixture was slowly cooled down to room temperature and filtrated. 

The solvent was evaporated under reduced pressure. The crude product was purified by flash 

chromatography on silica gel (CH2Cl2/ methanol 80:1 to 60:1) to afford the Schiff base ligand 

2c as a yellow solid (970.5 mg, 90% yield). 

 

Scheme 1. Procedure for the preparation of 2c 

2d-2f were synthesized following the similar procedures. 2d was using cinchonine, while 2e 

was using quinine and 2f was using hydroquinine as the staring material. 

3. Characterization data for new chiral Schiff base ligands 

Catalyst 2c: Yellow solid; 90% yield; m.p. 105-107 oC; [𝛼]𝐷
20  +72 (c 0.25, CHCl3); IR (KBr): νmax = 3429, 

2950, 2869, 1620, 1278 cm-1; 1H NMR (400 MHz, CDCl3): δ = 13.5 (s, 1H), 8.77 (d, J = 4.4 Hz, 1H), 8.41 (s, 

1H), 8.04 (d, J = 9.2 Hz, 1H), 7.63 (br s, 1H), 7.51 (d, J = 4 Hz, 1H), 7.40 (dd, J = 9.2, 2.8 Hz, 1H), 7.33 (d, 

J = 2.4 Hz, 1H), 7.06 (d, J = 2.4 Hz, 1H), 5.93-5.84 (m, 1H), 5.09-5.05 (m, 2H), 4.92 (br s, 1H), 4.04 (s, 3H), 

3.54-3.45 (m, 1H), 3.08-2.97 (m, 2H), 2.95-2.90 (m, 2H), 2.31-2.25 (m, 1H), 1.64 (br s, 1H), 1.56-1.52 (m, 

2H), 1.41 (s, 9H), 1.26 (s, 9H), 1.22-1.19 (m, 1H), 1.03-0.96 (m, 1H) ppm; 13C NMR (100 MHz, CDCl3): δ = 

166.7, 157.9, 147.7, 145.0, 144.7, 140.4, 140.1, 136.4, 132.0, 127.7, 127.1, 126.4, 121.9, 121.2, 117.8, 114.6, 

101.7, 60.9, 55.5, 49.6, 47.5, 39.5, 34.9, 34.1, 31.4 (×3), 31.3, 29.4 (×3), 29.2, 27.8, 26.5, 24.9 ppm; HRMS-

ESI (m/z): [M+H]+ calcd for C35H46N3O2 540.3590, found 540.3599. 
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Catalyst 2d: Yellow solid; 75% yield; m.p. 147-149 oC; [𝛼]𝐷
20  +85.5 (c 0.25, CHCl3); IR (KBr): νmax = 

3427, 3951, 2869, 1627, 1272 cm-1; 1H NMR (400 MHz, CDCl3): δ = 13.4 (s, 1H), 8.95 (d, J = 4.4 Hz, 1H), 

8.42 (s, 1H), 8.33 (d, J = 8.4 Hz, 1H), 8.16 (d, J = 8.4 Hz, 1H), 7.77-7.73 (m, 1H), 7.67-7.65 (m, 2H), 7.34-

7.32 (m, 1H), 7.05 (d, J = 2.4 Hz, 1H), 5.89-5.81 (m, 1H), 5.14 (br s, 1H), 5.09-5.04 (m, 2H), 3.50-3.43 (m, 

1H), 3.08-2.87 (m, 4H), 2.30-2.24 (m, 1H), 1.62 (br s, 1H), 1.56-1.53 (m, 2H), 1.41 (s, 9H), 1.26 (s, 9H), 1.22-

1.19 (m, 2H), ppm; 13C NMR (100 MHz, CDCl3): δ = 197.3, 166.7, 157.9, 150.3, 148.6, 146.4, 140.4, 140.0, 

136.4, 131.9, 130.7, 129.2, 127.8, 127.1, 126.9, 126.8, 126.4, 123.0, 120.6, 117.8, 114.6, 61.4, 49.6, 47.6, 39.6, 

34.9, 34.0, 31.4, 31.3, 29.4, 29.2, 27.9, 26.4, 24.8 ppm; HRMS-ESI (m/z): [M+H]+ calcd for C34H44N3O 

510.3484, found 510.3493. 

 

Catalyst 2e: Red solid; 65% yield; m.p. 173-175 oC; [𝛼]𝐷
20  -96 (c 0.25, CHCl3); IR (KBr): νmax = 3443, 

2950, 2866, 1620, 1249, cm-1; 1H NMR (400 MHz, CDCl3): δ = 13.3 (s, 1H), 8.78 (d, J = 4.8 Hz, 1H), 8.10 

(d, J = 8.8 Hz, 2H), 7.63-7.57 (m, 2H), 7.42 (dd, J = 8.8, 1.6 Hz, 1H), 7.31(d, J = 2 Hz, 1H), 7.04 (d, J = 2 Hz, 

1H), 4.67 (d, J = 9.2 Hz, 1H), 3.86-3.79 (m, 1H), 3.34-3.27 (m, 1H), 2.89-2.80 (m, 1H), 2.62-2.55(m, 1H), 

2.40-2.39 (m, 1H), 2.35-2.26 (m, 1H), 1.61 (br s, 1H), 1.51 (d, J = 6.4 Hz, 3H), 1.42 (s, 1H), 1.35 (s, 9H), 1.23 

(s, 9H), 1.17-1.33 (m, 1H), 1.09-1.07 (m, 2H), 0.71-0.66 (m, 1H), ppm; 13C NMR (100 MHz, CDCl3): δ = 

197.3, 166.4, 157.8, 157.1, 146.3, 142.7, 140.5, 136.4, 131.9, 131.0, 129.0, 128.5, 128.2, 127.5, 126.4, 123.1, 

120.7, 117.6, 58.0, 16.8, 44.9, 40.4, 34.9, 34.1, 31.5, 31.3, 29.4, 29.2, 27.7, 25.3, 25.1, 24.6, 23.3, 14.7 ppm; 

HRMS-ESI (m/z): [M+H]+ calcd for C34H44N3O2 526.3434, found 526.3415. 

 

Catalyst 2f: Yellow solid; 85% yield; m.p. 119-120 oC; [𝛼]𝐷
20  -86 (c 0.25, CHCl3); IR (KBr): νmax = 3425, 

2954, 2869, 1620, 1249 cm-1; 1H NMR (400 MHz, CDCl3): δ = 13.5 (s, 1H), 8.77 (d, J = 4.4 Hz, 1H), 8.42 (s, 

1H), 8.05 (d, J = 9.2 Hz, 1H), 7.66 (br s, 1H), 7.49 (d, J = 4 Hz, 1H), 7.40 (dd, J = 9.2, 2.4 Hz, 1H), 7.32 (d, 

J = 2 Hz, 1H), 7.04 (d, J = 2 Hz, 1H), 4.87 (d, J = 8.8 Hz, 1H), 4.03 (s, 3H), 3.60 (d, J = 8.8 Hz, 1H), 3.52, (d, 

J = 4.8 Hz, 1H), 3.23-3.17 (m, 2H), 2.82-2.76 (m, 1H), 2.51 (d, J = 13.6 Hz, 1H), 1.61 (s, 2H), 1.41 (s, 9H), 

1.26 (s, 9H), 0.90-0.84 (m, 3H), 0.82-0.79 (m, 3H), 0.08 (s, 2H) ppm; 13C NMR (100 MHz, CDCl3): δ = 166.4, 

157.9, 147.6, 144.6, 140.1, 136.4, 132.0, 127.7, 127.1, 126.4, 121.7, 117.9, 102.0, 65.1, 60.5, 58.0, 55.5, 42.0, 

40.9, 37.5, 34.9, 34.0, 31.4, 30.1, 29.4, 29.1, 28.9, 27.7, 25.7, 25.5, 23.3, 23.1, 14.1, 12.1, 11.2 ppm; HRMS-

ESI (m/z): [M+H]+ calcd for C35H48N3O2 542.3747, found 542.3746. 

4. Effects of additives, concentration and oxidant on the 2f catalyzed asymmetric 

epoxidation of N-alkenyl sulfonamides 

For the asymmetric catalytic reactions, the additives sometimes have shown positive effect for 

both yield and ee value. Hence, a series of additives were tested in the reactions (Table 1). 

Yamamoto3 had noted that magnesium oxide could both improve the reactivity and 

enantioselectivity significantly in the Hf(Ot-Bu)4-BHA catalyzed epoxidation of N-alkenyl 

sulfonamides and the mechanism of MgO is still elusive. So, we also examined MgO in our 

reaction system, but it was inferior to Na2CO3 (Table 1, entry 1 vs. 2). Then other carbonates 



5 
 

were tested as additives (Table 1, entries 3-5), and K2CO3 gave better result. When the amount 

of K2CO3 was increased to 40 mol%, both the ee value and yield were improved (Table 1, 

entry 6). It is reported that the molecular sieve has shown an improvement in Ti-catalysed 

epoxidation of allylic alcohol.4 However, in this transformation, both 3Å and 4Å molecular 

sieve were not favorable (Table 1, entries 7& 8). Different concentration of 0.05 M, 0.1 M and 

0.2 M were also tested, and the result showed that the 0.1 M was the best (Table 1, entry 6 vs. 

9, 10). Two other commonly used oxidants were also been tested, and the results showed that 

TBHP (t-butyl hydroperoxide) almost could not oxidize the model reaction (Table 1, entry 11), 

while m-CPBA (3-chloroperoxybenzoic acid) could oxidize this reaction well but with racemic 

product (Table 1, entry 12).  

Table 1．Effects of additives, concentration and oxidant on the 2f catalyzed asymmetric 

epoxidation of N-alkenyl sulfonamides 

 

Entrya Additive Loading of 

base 

(mol%) 

Conc.(M) Oxidant Yieldb 

(%) 

eec (%) 

1 MgO 20 0.1 CHP 42 65 

2 Na2CO3 20 0.1 CHP 44 69 

3 NaHCO3 20 0.1 CHP 40 62 

4 Cs2CO3 20 0.1 CHP 50 55 

5 K2CO3 20 0.1 CHP 49 71 

6 K2CO3 40 0.1 CHP 56 74 

7 3 Å MS 20 0.1 CHP 35 32 

8 4 Å MS 20 0.1 CHP 30 35 
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9 K2CO3 40 0.05 CHP 40 65 

10 K2CO3 40 0.2 CHP 58 62 

11 K2CO3 40 0.1 TBHP trace — 

12 K2CO3 40 0.1 m-CPBA 56 5 

a All reaction were performed with 1a (0.20 mmol), Ti(Oi-Pr)4 (10 mol%) and 

catalyst 2f (10 mol%), additive (20-40 mol%), oxidant (2.5 equiv.) in toluene (1-4 

mL) at room temperature. 

b Isolated yield; reaction for 72 h. 

c Enantiomeric excess of 3a, determined by chiral HPLC analysis using Chiralcel 

OD-H column.  

5. Screening the solvents and the temperature in the asymmetric epoxidation of N-

alkenyl sulfonamides 

Solvent always plays an important role in the asymmetric catalysis. From Table 2, we can see 

that, when THF, DCM and acetone were tested, no significant results were obtained (Table 2, 

entries 1-3). The xylene gave better results than toluene. The ee value was increased and at the 

same time the reaction yield hold steady (Table 2, entry 5 vs 4). Interestingly, o, m, p-xylene 

gave different performance (Table 2, entries 6-8). When the o-xylene was used, the ee value 

had further increased to 83%, and the yield also increased proportionally (Table 2, entry 6). 

Hence, the o-xylene was the choice of solvent in the next experimental phase. When the 

temperature was decreased to 0oC, the ee valued increased significantly, but the yield 

decreased subtly. (Table 2, entry 9). As temperature was lowered around -10oC, the yield was 

decreased substantially with lightly increased ee value (Table 2, entry 10). When temperature 

reached below -24oC, both the yield and the ee value decreased potentially (Table 2, entry 11).  

Table 2．Screening the solvents and the temperature in the asymmetric epoxidation of 

N-alkenyl sulfonamides 
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Entrya Solvent Temp. (oC) Yieldb (%) eec (%) 

1 DCM rt 65 21 

2 THF rt 55 33 

3 acetone rt 45 45 

4 toluene rt 56 74 

5 xylene rt 60 77 

6 o-xylene rt 64 83 

7 m-xylene rt 56 73 

8 p-xylene rt 62 70 

9 o-xylene 0 51 91 

10 o-xylene -10 28 92 

11 o-xylene -24 10 5 

a All reaction were performed with 1a (0.20 mmol), Ti(Oi-Pr)4 (10 mol%) and 

ligand 2f (10 mol%), K2CO3 (40 mol%), CHP (2.5 equiv.) in different solvents (2 

mL) in different reaction temperature.  

b Isolated yield; reaction for 72 h. 

c Enantiomeric excess of 3a, determined by chiral HPLC analysis using Chiralcel 

OD-H column.  

 

6. Typical catalytic asymmetric epoxidation of N-alkenyl sulfonamides under 

optimization conditions 

Ti(Oi-Pr)4 (1.0 M in toluene, 0.02 mmol, 20 L ), Schiff base ligand 2f (0.02 mmol, 10.8 

mg) were dissolved in o-xylene (2 mL) at room temperature. The mixture was stirred at room 

temperature for 5 h. Then, the corresponding N-Alkenyl Sulfonamide (0.20 mmol) and K2CO3 

(11.0 mg, 0.08 mmol) and cumene hydroperoxide (97 µL, 0.5 mmol) were added sequentially 



8 
 

at 0°C. The mixture was stirred for 72 h at 0oC, and the residue was purified by flash 

chromatography on silica gel (petroleum ether/ethyl acetate, 3:1) to provide the desired 

product. The enantiomeric purity of the product was determined by HPLC analysis. The 

absolute configurations of the products were assigned by comparison to literature data.3 

 

7. Characterization Data for Starting Materials and Products 

Characterization Data for Starting Materials: 

 1a: 1H NMR (CDCl3, 400MHz): δ = 7.77(d, J = 8.8 Hz, 2H), 7.33(d, J = 8.0 Hz, 2H), 

5.79-5.69(m, 1H), 5.21-5.10(m, 2H), 4.45(br s, 1H), 3.61(t, J = 6 Hz, 2H), 2.45(s, 3H) ppm. 

 1b: 1H NMR (CDCl3, 400MHz): δ = 7.81(d, J = 6.8Hz, 2H), 6.99-6.96(m, 2H), 

5.75-5.67(m, 1H), 5.17-5.05(m, 2H), 4.92(br s, 1H), 3.87 (s, 3H), 3.56(s, 2H) ppm. 

 1c: 1H NMR (CDCl3, 400MHz): δ = 7.51-7.49(m, 1H), 7.36(d, J = 6.0 Hz, 

1H), 6.94(d, J = 8.8Hz, 1H), 5.77-5.67(m, 1H), 5.20-5.08(m, 2H), 4.82(br s, 1H), 3.93(s, 3H), 

3.92(s, 3H), 5.58(s, 2H) ppm. 

 1d: 1H NMR (CDCl3, 400MHz): δ = 7.76(d, J = 7.8 Hz, 2H), 7.33(d, J = 8.4 Hz, 

2H), 5.04(s, 1H), 4.82(br s, 1H), 3.52(s, 2H), 2.42(s, 3H), 1.60(s, 3H), 1.52(s, 3H) ppm. 

 1e: 1H NMR (CDCl3, 400MHz): δ = 7.76(m, 2H), 6.99-6.95(m, 2H), 5.07-5.01(m, 

1H), 4.43(br s, 1H) 3.87(s, 3H), 3.51(t, J = 7.6Hz, 2H), 1.61(d, J = 11.6Hz, 3H), 1.52(d, J = 

9.6Hz, 3H) ppm. 

 1f: 1H NMR (CDCl3, 400MHz): δ = 7.77(d, J = 8.8Hz, 2H), 7.31( d, J = 8.2Hz, 2H), 

5.20-5.43(m, 1H), 5.30-5.21(m, 1H), 4.85(br s, 1H), 3.60-3.57(m, 2H), 2.43(s, 3H) ,1.96-
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1.90(m, 2H), 0.89(t, J = 7.2Hz, 3H) ppm. 

 1g: 1H NMR (CDCl3, 400MHz): δ = 7.77(d, J = 8.4Hz, 2H), 7.33-7.30( m, 

2H),5.62-5.58(m, 1H), 5.32-5.27(m, 1H), 4.82(br s, 1H), 3.53-3.50(m, 2H), 2.43(s, 3H) ,1.97-

1.92(m, 2H), 0.93-0.87(m, 3H) ppm. 

 1h: 1H NMR (CDCl3, 400MHz): δ = 7.77(d, J = 8.8Hz, 2H), 7.30(d, J = 8.0Hz, 

2H),5.47-5.43(m, 1H), 5.28-5.27(m, 1H) 4.91(br s, 1H), 3.58(t, J = 6.4Hz, 2H), 2.42(s, 3H) , 

1.52(dd, J = 7.6, 14.8Hz, 2H), 1.32-1.28(m, 2H), 0.84-0.80(m, 3H) ppm. 

 1i: 1H NMR (CDCl3, 400MHz): δ = 7.76(d, J = 8.4Hz, 2H),7.29(d, J = 8.4Hz, 

2H),5.56-5.48(m, 1H), 5.32-5.27(m, 1H), 5.02(br s, 1H), 3.50(d, J = 6.0Hz, 2H),2.41(s, 3H) , 

1.90-1.85(m, 2H), 1.29-1.24(m, 2H), 0.83-0.79(m, 3H) ppm. 

 1j: 1H NMR (CDCl3, 400MHz): δ = 7.77(d, J = 8.4Hz, 2H), 7.30( d, J = 8.0Hz, 

2H),5.49-5.42(m, 1H), 5.29-5.23(m, 1H), 4.94(br s, 1H), 3.58(t, J = 6.4Hz, 2H), 2.42(s, 

3H) ,1.92-1.87(m, 2H), 1.27-1.21(m, 8H), 0.82(t, J = 6.4Hz, 3H) ppm. 

 1k: 1H NMR (CDCl3, 400MHz): δ = 7.76(d, J = 8.4Hz, 2H), 7.31( d, J = 8.0Hz, 

2H),5.58-5.50(m, 1H), 5.33-4.70(m, 1H), 4.70(br s, 1H), 3.52(t, J = 6.4Hz, 2H), 2.43(s, 

3H) ,1.92-1.89(m, 2H), 1.28-1.23(m, 8H), 0.87(t, J = 6.8Hz, 3H) ppm. 

 1l: 1H NMR (CDCl3, 400MHz): δ = (d, J = 8.8Hz, 2H), 7.98( d, J = 8.4Hz, 

2H),5.50-5.43(m, 1H), 5.29-5.20(m, 1H), 4.81(br s, 1H), 3.87(s, 3H), 3.57(t, J = 6.4Hz, 

2H) ,1.98-1.90(m, 2H), 0.90(t, J = 7.6Hz, 3H) ppm. 

 1m: 1H NMR (CDCl3, 400MHz): δ = 7.80(d, J = 8.8Hz, 2H), 6.99( d, J = 8.4Hz, 

2H),5.62-5.56(m, 1H), 5.33-5.26(m, 1H), 4.58(br s, 1H), 3.87(s, 3H), 3.51(t, J = 5.6Hz, 

2H) ,1.97-1.93(m, 2H), 0.90(t, J = 7.6Hz, 3H) ppm. 
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 1n: 1H NMR (CDCl3, 400MHz): δ = 7.82(d, J = 8.4Hz, 2H), 6.98( d, J = 8.4Hz, 

2H),5.50-5.44(m, 1H), 5.31-5.25(m, 1H), 4.79(br s, 1H), 3.87(s, 3H), 3.57(t, J = 6.4Hz, 

2H) ,1.92-1.87(m, 2H), 1.32-1.25(m, 2H), 0.84-0.80(m, 3H) ppm. 

 1o: 1H NMR (CDCl3, 400MHz): δ = 7.81(d, J = 8.8Hz, 2H), 7.98( d, J = 8.8Hz, 

2H),5.59-5.51(m, 1H), 5.36-5.26(m, 1H), 4.59(br s, 1H), 3.88(s, 3H), 3.52(d, J = 5.2Hz, 

2H) ,1.92-1.91(m, 2H), 1.34-1.28(m, 2H), 0.87-0.82(m, 3H) ppm. 

 1p: 1H NMR (CDCl3, 400MHz): δ = 7.83(d, J = 8.8Hz, 2H), 7.31( d, J = 8.0Hz, 

2H),5.52-5.45(m, 1H), 5.30-5.24(m, 1H), 4.63(br s, 1H), 3.88(s, 3H) ,3.58(t, J = 5.6Hz, 

2H),1.94-1.89(m, 2H), 1.28-1.27（m, 8H）, 0.89-0.85(m, 3H) ppm. 

 1q: 1H NMR (CDCl3, 400MHz): δ = 7.81(d, J = 9.2Hz, 2H), 6.98( d, J = 9.2Hz, 

2H),5.61-5.51(m, 1H), 5.33-5.24(m, 1H), 4.66(br s, 1H), 3.87(s, 3H) ,3.51(t, J = 6.0Hz, 

2H),1.93-1.91(m, 2H), 1.28-1.23（m, 8H）, 0.89-0.85(m, 3H) ppm. 

 1r: 1H NMR (CDCl3, 400MHz): δ = 7.77(d, J = 8.4Hz, 2H), 7.32(d, J = 8.0Hz, 2H), 

4.86(d, J = 14.8Hz, 2H), 4.67(br s, 1H), 3.45(d, J = 3.6Hz, 2H), 2.45(s, 3H), 1.69(s, 3H) ppm. 

 1s: 1H NMR (CDCl3, 400MHz): δ = 7.82-7.79（m, 2H）, 6.99-6.95(m, 2H), 4.85-

4.79(m, 2H), 3.87(s, 3H), 3.46(s, 2H), 1.67(d, J = 7.2 Hz, 3H) ppm. 

 1t: 1H NMR (CDCl3, 400MHz): δ = 7.75(d, J = 8.4 Hz, 2H) 7.31(d, J = 8.4 Hz, 

2H), 5.67-5.57(m, 1H), 5.07-5.00(m, 2H), 4.64(br s, 1H), 3.01(d, J = 6.4Hz, 2H), 2.45(s, 3H), 

2.20(d, J = 6.8 Hz, 2H) ppm. 

 1u: 1H NMR (CDCl3, 400MHz): δ = 7.81(d, J = 8.6 Hz, 2H), 7.99(d, J = 7.6 Hz, 

2H), 5.87-5.58(m, 1H), 5.08-5.01(m, 2H), 4.66(br s, 1H), 3.88(s, 3H), 3.03-2.99(m, 2H), 

2.21(d, J = 6.8Hz, 2H) ppm. 
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Characterization Data for Products: 

 3a(R): 1H NMR (CDCl3, 400MHz): δ = 7.74 (d, J = 8.4 Hz, 2H), 7.31 (d, J = 8 Hz, 

2H), 4.85 (br s, 1H), , 3.35-3.30 (m, 1H), 3.05-3.01 (m, 2H), 2.76-2.74 (m, 1H), 2.64-2.62 (m, 

1H), 2.43 (s, 3H) ppm; [𝛼]𝐷
20  +13.1 (c 0.25, CHCl3). 

 3b: 1H NMR (CDCl3, 400MHz): δ = 7.80 (d, J = 9.2Hz, 2H), 6.98 ( d, J = 8.8Hz, 

2H), 4.95-4.72 (m, 1H), 3.87 (s, 3H), 3.35-3.29 (m, 1H), 3.07-2.99 (m, 2H) , 2.76 (t, J = 4.4Hz, 

1H), 2.64-2.63 (m, 1H) ppm; [𝛼]𝐷
20  +9.3 (c 0.25, CHCl3). 

 3c: 1H NMR (CDCl3, 400MHz): δ = 7.48 (d, J = 6 Hz, 1H), 7.32 (d, J = 

2.4 Hz, 1H), 6.94 (d, J = 8.4 Hz, 1H), 4.82 (t, J = 6.4 Hz, 1H), 3.95 (s, 3H), 3.93 (s, 3H), 3.38-

3.32 (m, 1H), 3.09-3.06 (m, 1H), 3.05-2.99 (m, 1H), 2.78-2.76 (m, 1H), 2.66-2.64 (m, 1H) 

ppm; [𝛼]𝐷
20  +11.3 (c 0.25, CHCl3). 

 3d: 1H NMR (CDCl3, 400MHz): δ = 7.76 (d, J = 8 Hz, 2H), 7.31 (d, J = 8 Hz, 

2H), 5.24 (br s, 1H), 3.27-3.23 (m, 1H), 3.00-2.95 (m, 1H), 2.88-2.85 (m, 1H), 2.42 (s, 3H), 

1.26 (s, 3H), 1.21 (s, 3H) ppm; [𝛼]𝐷
20  +26.5 (c 0.50, CHCl3). 

 3e: 1H NMR (CDCl3, 400MHz): δ = 7.82 (d, J = 9.2 Hz, 2H), 6.99 (d, J = 8.8 Hz, 

2H), 5.25 (br s, 1H), 3.87 (s, 3H), 3.25-3.21 (m, 1H), 3.01-2.96 (m, 1H), 2.88-2.85 (m, 1H), 

1.27 (s, 3H), 1.22 (s, 3H) ppm; [𝛼]𝐷
20  +24.3 (c 0.50, CHCl3). 

 3f: 1H NMR (CDCl3, 400MHz): δ = 7.77 (d, J = 8 Hz, 2H), 7.31 (d, J = 8 Hz, 2H), 

5.35-5.32 (m, 1H), 3.31-3.24 (m, 1H), 3.05-3.02 (m, 1H), 2.98-2.89 (m, 2H), 2.42 (s, 3H),1.49-

1.42 (m, 2H), 0.99 (t, J = 7.6 Hz, 3H) ppm; [𝛼]𝐷
20  +15.2 (c 0.25, CHCl3). 
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 3g: 1H NMR (CDCl3, 400MHz): δ = 7.74 (d, J = 8 Hz, 2H), 7.31 (d, J = 8 Hz, 

2H), 5.15 (br s, 1H), 3.29-3.23 (m, 1H), 3.05-2.98 (m, 1H), 2.86-2.84 (m, 1H), 2.81-2.79 (m, 

1H), 2.42 (s, 3H),1.56-1.50 (m, 2H), 0.95-0.91 (m, 3H) ppm; [𝛼]𝐷
20  +16.3 (c 0.25, CHCl3). 

 3h: 1H NMR (CDCl3, 400MHz): δ = 7.74 (d, J = 8.4 Hz, 2H), 7.32 (d, J = 8 Hz, 

2H), 5.13 (br s, 1H), 3.33-3.27 (m, 1H), 3.05-2.99 (m, 1H), 2.98-2.93 (m, 2H), 2.44 (s, 3H), 

1.49-1.39 (m, 4H), 0.95-0.92 (m, 3H) ppm; [𝛼]𝐷
20  +11.4 (c 1.0, CHCl3). 

 3i: 1H NMR (CDCl3, 400MHz): δ = 7.75 (d, J = 7.6 Hz, 2H), 7.32 (d, J = 3.6 

Hz, 2H), 5.07 (br s, 1H), 3.28-3.25 (m, 1H), 3.05-3.01 (m, 1H), 2.83 (s, 2H), 2.43 (s, 3H), 

1.46-1.39 (m, 4H), 0.94-0.91 (m, 3H) ppm; [𝛼]𝐷
20  +10.6 (c 0.50, CHCl3). 

 3j: 1H NMR (CDCl3, 400MHz): δ = 7.77 (d, J = 8.4 Hz, 2H), 7.32 (d, J = 8 Hz, 2H), 

5.17 (br s, 1H), 3.31-3.26 (m, 1H), 3.04-3.01 (m, 1H), 2.98-2.93 (m, 2H), 2.43 (m, 3H), 1.45-

1.26 (m, 4H), 1.30-1.26 (m, 6H), 0.90-0.86 (m, 3H) ppm; [𝛼]𝐷
20  +13.9 (c 1.0, CHCl3). 

 3k: 1H NMR (CDCl3, 400MHz): δ = 7.73 (d, J = 8.4 Hz, 2H), 7.30 (d, J = 8 

Hz, 2H), 5.40 (br s, 1H), 3.27-3.23 (m, 1H), 3.00-2.97 (m, 1H), 2.82-2.79 (m, 2H), 3.00 (m, 

3H), 1.34-1.23 (m, 10H), 0.89-0.83 (m, 3H) ppm; [𝛼]𝐷
20  +9.7 (c 0.5, CHCl3). 

 3l: 1H NMR (CDCl3, 400MHz): δ = 7.86 (d, J = 8.8 Hz, 2H), 6.99 (d, J = 8.8 Hz, 

2H), 5.17 (br s, 1H), 3.87 (s, 3H), 3.30-3.25 (m, 1H), 3.06-3.02 (m, 1H), 2.94-2.90 (m, 2H), 

1.49-1.45 (m, 2H), 1.02-0.99 (m, 3H) ppm; [𝛼]𝐷
20  +10.5 (c 0.25, CHCl3). 

 3m: 1H NMR (CDCl3, 400MHz): δ = 7.80 (d, J = 8.8 Hz, 2H), 6.98 (d, J = 8.8 

Hz, 2H), 5.04 (br s, 1H), 3.87 (s, 3H), 3.27 (d, J = 14 Hz, 1H), 3.02 (d, J = 14 Hz, 1H), 2.84-

2.81 (m, 2H), 1.57-1.52 (m, 2H), 0.97-0.93 (m, 3H) ppm; [𝛼]𝐷
20  +12.3 (c 0.25, CHCl3). 
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 3n: 1H NMR (CDCl3, 400MHz): δ = 7.82 (d, J = 8.8 Hz, 2H), 6.98 (d, J = 8.4 Hz, 

2H), 4.71 (br s, 1H), 3.87 (s, 3H), 3.31-3.27 (m, 1H), 3.06-3.02 (m, 1H), 2.96-2.93 (m, 2H), 

1.48-1.40 (m, 4H), 0.95-0.92 (m, 3H) ppm; [𝛼]𝐷
20  +13.7 (c 0.5, CHCl3). 

 3o: 1H NMR (CDCl3, 400MHz): δ = 7.79 (d, J = 8.8 Hz, 2H), 6.82 (d, J = 8.8 

Hz, 2H), 5.01 (br s, 1H), 3.86 (s, 3H), 3.27 (d, J = 13.6 Hz, 1H), 3.06-2.95 (m, 1H), 2.84-2.93 

(m, 2H), 1.49-1.39 (m, 4H), 0.92 (t, J = 7.2 Hz, 3H) ppm; [𝛼]𝐷
20  +10.9 (c 0.25, CHCl3). 

 3p: 1H NMR (CDCl3, 400MHz): δ = 7.82 (d, J = 8.8 Hz, 2H), 6.99 (d, J = 8.8 Hz, 

2H), 5.13 (br s, 1H), 3.87 (s, 3H), 3.31-2.3.25 (m, 1H), 3.04-2.98 (m, 1H), 2.97-2.92 (m, 2H), 

1.44-1.40 (m, 4H), 1.30-1.26 (m, 6H), 0.90-0.86 (m, 3H) ppm; [𝛼]𝐷
20  +15.7 (c 0.4, CHCl3). 

 3q: 1H NMR (CDCl3, 400MHz): δ = 7.79 (d, J = 8.4 Hz, 2H), 6.98 (d, J = 8.8 

Hz, 2H), 5.05 (t, J = 6 Hz, 1H), 3.87 (s, 3H), 3.03-2.97 (m, 1H), 2.83-2.79 (m, 1H), 2.78-2.76 

(m, 2H), 1.50-1.47 (m, 2H), 1.39-1.34 (m, 2H), 1.31-1.26 (m, 6H), 0.89-0.86 (m, 3H) ppm; 

[𝛼]𝐷
20  +12.2 (c 0.75, CHCl3). 

 3r: 1H NMR (CDCl3, 400MHz): δ = 7.73 (d, J = 8.4Hz, 2H), 7.31 ( d, J = 8.0Hz, 

2H), 5.01 (t, J = 6.4Hz, 1H), 3.12-3.10 (m, 2H), 2.83(d, J = 4.4Hz, 1H), 2.81 (d, J = 4.4Hz, 

1H) ,2.42 (s, 3H),1.33 (s, 3H) ppm; [𝛼]𝐷
20  +17.1 (c 0.25, CHCl3). 

 3s: 1H NMR (CDCl3, 400MHz): δ = 7.73 (d, J = 8.8Hz, 2H), 6.95 ( d, J = 8.8Hz, 

2H), 5.01 (br s, 1H), 3.84 (s, 3H), 3.07 (d, J = 6.4Hz, 2H), 2.80 (d, J = 4.4Hz, 1H) ,2.58 (d, J 

= 4.0Hz, 1H),1.30 (s, 3H) ppm; [𝛼]𝐷
20  +8.2 (c 0.5, CHCl3). 

 3t: 1H NMR (CDCl3, 400MHz): δ = 7.76 (d, J = 8.0Hz, 2H), 7.32 ( d, J = 8.0Hz, 

2H), 5.19 (t, J = 6Hz, 1H), 3.09 (q, J = 6.4Hz, 2H), 2.96-2.92 (m, 1H), 2.74 (t, J = 4.4Hz, 

1H) ,2.48-2.46 (m, 1H),2.43 (s, 3H), 1.96-1.88 (m, 1H), 1.59-1.52 (m, 1H) ppm; [𝛼]𝐷
20  +13.5 
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(c 0.25, CHCl3). 

 3u: 1H NMR (CDCl3, 400MHz): δ = 7.81 (d, J = 8.8Hz, 2H), 7.99 ( d, J = 8.8Hz, 

2H), 5.10 (br s, 1H), 3.87 (s, 3H), 3.10-3.07 (m, 2H), 2.94-2.93 (m, 1H) ,2.75-2.72 (m, 

1H),2.49-2.46 (m, 1H), 1.94-1.90 (m, 1H), 1.58-1.53 (m, 1H) ppm; [𝛼]𝐷
20  +12.9 (c 0.5, 

CHCl3). 
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9. Copies of NMR Spectra 

 



16 
 

 
 



17 
 

 

 



18 
 

 

 



19 
 

 

 

 



20 
 

 

 



21 
 

 

 



22 
 

 

 



23 
 



24 
 



25 
 

 



26 
 

 



27 
 

 



28 
 

 

 



29 
 

 

 



30 
 

 

 



31 
 

 

 

 



32 
 

 

 



33 
 

 



34 
 



35 
 

 

 

 

 



36 
 

 

 



37 
 

 

 



38 
 

 

 



39 
 

 

 

 

 

  



40 
 

10. Copies of HPLC Analysis 

 3a: HPLC: Chiralcel OD column, Hx/i-PrOH 90:10, 1.0 mL/min. tmajor: 28.6 min; 

tminor: 36.0 min. (91% ee) 

 

 

 

 

 3b: HPLC: Chiralcel OD column, Hx/i-PrOH 90:10, 1.0 mL/min. tmajor: 46.1 min; 

tminor: 61.4 min. (85% ee) 
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 3c: HPLC: Chiralcel AD column, Hx/i-PrOH 90:10, 1.0 mL/min. tminor: 

44.4 min; tmajor: 47.4 min. (91% ee) 

 

 

 

 



42 
 

 3d: HPLC: Chiralcel AD column, Hx/i-PrOH 90:10, 1.0 mL/min. tminor: 28.1 min; 

tmajor: 37.2 min. (97% ee) 

 

 

 

 

 3e: HPLC: Chiralcel OD column, Hx/i-PrOH 90:10, 1.0 mL/min. tmajor: 24.8 min; 

tminor: 30.2 min. (97% ee)  
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 3f: HPLC: Chiralcel OD column, Hx/i-PrOH 97:3, 1.0 mL/min. tmajor: 47.3 min; 

tminor: 54.7 min. (91% ee)  

 

 

 

 

 3g: HPLC: Chiralcel OD column, Hx/i-PrOH 97:3, 1.0 mL/min. tmajor: 44.4 min; 

tminor: 49.4 min. (63% ee) 
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 3h: HPLC: Chiralcel OD column, Hx/i-PrOH 92:8, 1.0 mL/min. tmajor: 19.6 min; 

tminor: 23.0 min. (91% ee) 
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 3i: HPLC: Chiralcel OD column, Hx/i-PrOH 95:5, 1.0 mL/min. tmajor: 37.0 min; 

tminor: 40.6 min. (83% ee)  

 

 

 

 

 3j: HPLC: Chiralcel AD column, Hx/i-PrOH 90:10, 1.0 mL/min. tmajor: 17.0 min; 

tminor: 19.7 min. (95% ee) 
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 3k: HPLC: Chiralcel AD column, Hx/i-PrOH 90:10, 1.0 mL/min. tminor: 17.5 

min; tmajor: 20.0 min. (31% ee)  
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 3l: HPLC: Chiralcel OD column, Hx/i-PrOH 92:8, 1.0 mL/min. tmajor: 38.7 min; 

tminor: 48.8 min. (93% ee)  

 

 

 

 

 3m: HPLC: Chiralcel OD column, Hx/i-PrOH 92:8, 1.0 mL/min. tmajor: 38.5 min; 

tminor: 45.3 min. (55% ee)  
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 3n: HPLC: Chiralcel OD column, Hx/i-PrOH 90:10, 1.0 mL/min. tmajor: 26.9 min; 

tminor: 34.2 min. (95% ee) 

 

 

 

 

 3o: HPLC: Chiralcel OD column, Hx/i-PrOH 90:10, 1.0 mL/min. tmajor: 29.1 

min; tminor: 32.9 min. (61% ee) 
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 3p: HPLC: Chiralcel OD column, Hx/i-PrOH 92:8, 1.0 mL/min. tmajor: 30.0 min; 

tminor: 36.0 min. (85% ee) 
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 3q: HPLC: Chiralcel OD column, Hx/i-PrOH 92:8, 1.0 mL/min. tmajor: 35.0 

min; tminor: 41.6 min. (37% ee) 

 

 

 

 

 3r: HPLC: Chiralcel OD column, Hx/i-PrOH 90:10, 1.0 mL/min. tminor: 18.4 min; 

tmajor: 35.3 min. (29% ee) 
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 3s: HPLC: Chiralcel OD column, Hx/i-PrOH 80:20, 1.0 mL/min. tminor: 14.4 min; 

tmajor: 23.4 min. (17% ee) 
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 3t: HPLC: Chiralcel OD column, Hx/i-PrOH 90:10, 1.0 mL/min. tmajor: 35.6 min; 

tminor: 44.8 min. (85% ee)  

 

 

 

 

 3u: HPLC: Chiralcel AD column, Hx/i-PrOH 80:20, 1.0 mL/min. tminor: 21.8 min; 

tmajor: 24.4 min. (73% ee)  
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11. Epoxidation of allylic alcohol and allylic sulfone 

The allylic alcohol and allylic sulfone had been also tested under the optimum conditions: 

10% Ti(Oi-Pr)4, Schiff bese 2f (10 mol%), K2CO3 (40 mol%), CHP (2.5 equiv.), 0oC and o-

xylene without further methodological study. The allylic alcohol and allylic sulfone epoxides 

had been achieved by 39% yield, 41% ee and 55% yield, 37% ee respectively. 

 

Scheme 2. Epoxidation of allylic alcohol and allylic sulfone 

 

 HPLC: Chiralcel OD column, Hx/i-PrOH 95:5, 1.0 mL/min. tminor: 29.9 min; tmajor: 

34.2 min. (41% ee) 
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 HPLC: Chiralcel OD column, Hx/i-PrOH 85:15, 1.0 mL/min. tminor: 22.0 min; tmajor: 

31.4 min. (37% ee) 
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